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Fault slip rate reflects sizes and recurrence intervals of past earthquakes, meaning quantifying slip 
rates is vital to understand the spatiotemporal pattern of large earthquakes. Traditional approaches to obtain slip 
rates require offset markers that record past earthquakes deformation; however, such marker is very limited. 
Geomorphic indices are advantageous over traditional approaches because geomorphic indices do not require 
offset markers to derive uplift rates (vertical slip rates). However, geomorphic indices can provide only relative 
uplift rates, and their interpretation is very complicated because such topographic metrics reflect various factors, 
such as tectonics, substrate properties, and climate. River morphology has been used to infer relative uplift rates, 
and its response to active tectonics is studied both empirically and theoretically. River adjusts its morphology 
depending on uplift rates and occurs ubiquitously, suggesting river morphology can be an alternative proxy to 
infer uplift rates. While a growing number of studies examine relationships between river morphology and uplift 
rates, we do not know how to use the current knowledge to derive more accurate uplift rates from stream 
analysis. Therefore, this thesis aims to provide a guide to tease out tectonic signals from river morphology 
through the following two studies. 
In the first study, I presented a method to evaluate the effects of substrate strength on channel 
steepness based on the standard detachment limited model. The significance of substrate properties over channel 
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morphology has long been recognized, and there are some measures to test rock resistance to fluvial erosion. 
However, existing methods can assess rock erodibility only qualitatively, inhibiting us from quantifying the 
effects of rock strength on channel steepness. The current method exploits the fact that normalized channel 
steepness is a function of substrate erodibility under the spatially uniform uplift and the detachment limited 
condition. In that case, ratios of substrate erodibility of different rock types can be quantified using the ratios of 
normalized channel steepness of corresponding substrates. Using this method, I estimated the long-term uplift 
rates along the Futagawa fault, a dextral-normal fault in Kumamoto, southwestern Japan. Also, I confirmed that 
the spatial pattern of normalized channel steepness could not be explained by the difference in channel width, 
precipitation, and erosion process. To further examine the long-term uplift rates along the Futagawa fault, I 
compiled the published dataset of uplift rates along the Futagawa fault, which was consistent with the long-term 
uplift trend inferred from normalized channel steepness. The distribution of long-term uplift rates agrees with 
the co-seismic vertical displacement field of the 2016 Kumamoto earthquake, suggesting earthquakes whose 
vertical displacement fields were similar to that of the 2016 earthquake should have been occurred repeatedly on 
the Futagawa fault. Although further studies are necessary to test the robustness of this approach, the calibration 
method presented in this study should help to evaluate effects of rock strength on normalized channel steepness. 
The second study revealed the response timescales of channel width and hillslope angle to accelerated 
erosion. Many rivers in tectonically active regions contain upstream-migrating knickpoints, which suggests that 
the knowledge of transient river response to changes in boundary conditions and their timescales are important 
to extract tectonic information from river morphology. Among many attributes of rivers, channel slope, channel 
width, and hillslope angles play particularly important roles in controlling river erosion rates. However, 
response timescales of channel width and hillslope angles were rarely discussed in previous studies due to their 
difficulty of constraining in an actual landscape. I showed those response time could be constrained using 
knickpoint travel time and the resulting timescales were 320–540 ky for width and 40–320 ky for hillslope angle 
when the slope exponent n in the stream power model was 1. This result indicates that a basin-scale steady state 
is not established soon after a knickpoint travels up to the head of the trunk stream, emphasizing the need to 
carefully investigate trunk and tributary channels and adjacent hillslopes to reduce errors in uplift rates deduced 
























までに 4 万年〜50 万年の遅延が発生することを示した．隆起速度算定には，このような遅延を加
味する必要があることを初めて提案した．今回の高橋直也氏の研究により，河川形状指数を活断
層の長期評価に応用できる見通しがたった．同氏は，現在までに発表した筆頭論文は，国際誌１
編，国内誌２編である．また，日本活断層学会，国際第四紀学会で若手発表優秀賞を受賞するな
ど，国内外で高い評価を得ており，自立して研究活動を行うに必要な高度な研究能力と学識を有
する．したがって，高橋直也提出の博士論文は，博士（理学）の学位論文として合格と認める． 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
